Preliminary assessments of the cooler replacement and honeycomb installation proposed for the full-scale IRT were conducted in the SMIRT. These experiments were designed to determine how a honeycomb would affect the tunnel flow characteristics.
In addition, baseline data needed to be obtained for the SMIRT. Hot wire instrumentation was used to obtain data at the test section centerline and in the settling chamber at the plane of the spray bars. Additional test section data were acquired with pressure rakes. These experiments were conducted at test section Mach numbers of 0.1, 0.3, and 0.5 with different cooler/honeycomb configurations. The specific objectives of this paper follow:
(1) Introduce the S MIRT facility and describe its salient characteristics and performance parameters.
(2) Present velocity profiles (computed from measured pressure data) in the test section with different cooler/ honeycomb configurations.
(3) Present hot wire data for the settling chamber and the test section with different cooler/honeycomb configurations.
(4) Document flow quality changes realized from installing a honeycomb in the settling chamber.
To establish correlations, a future paper will compare measurements presented here with those taken at similar locations in the full-scale IRT. If comparisons are favorable, they will validate the SMIRT as an accurate model of the (Mach 0.6) , although data were nottaken atthiscondition. Mach numbers were maintained towithin _+0.003 tlaroughout thespeed range. The total pressure through thetunnel remained equal toatmospheric pressure (=14.4 psia), while thestatic pressures fellbelow atmospheric levels. Total temperature through thetunnel remained equal totheambient temperature inthetest cell(=70°F).
The settling chamber was configured such that honeycombs ofvarious thicknesses could beinstalled. Twodifferent thicknesses of0.188-in. hexagonal cell honeycomb were tested: 3-in. (length-to-diameter ratio, L/D = 16) and 6-in.
(L/D = 32). These honeycomb sheets were positioned so that their exit faces were 6 in. downstream of the settling chamber inlet plane. 
Instrumentation
and Data Acquisition apart. In addition, pressure taps (0.020-in. diameter) in the walls of the test section (five positions) and diffuser (18 positions) were used to acquire static pressure values. The pressures were measured by an electronically scanned system (using 15-psid modules) and were recorded on a mainframe computer via the facility's standard data acquisition system.
The total temperature at the entrance of the tunnel was measured by a Type K thermocouple.
Although not presented in this paper, tuft and smoke flow visualization data were also recorded.
Hot wire measurements were obtained with commercially available probes and equipment. Measurements were taken 12.0 in. downstream of the test section inlet plane. In the settling chamber, measurements were taken 13.63 in.
downstream of the chamber's inlet plane (when a honeycomb was installed, this corresponded to 7.63 in. downstream of the exit face). Two hot wire X-probes (0.00015-in.-diameter tungsten wires oriented at _+45°with respect to the flow direction) were used for the majority of the measurements. A single-wire probe (0.00015-in.-diameter tungsten wire vertically oriented at 90°with respect to the flow direction) was used for the inverted probe measurements that are reviewed in the DISCUSSION OF RESULTS section. Each hot wire was connected to a constant temperature anemometer via a 60-ft low-impedance coaxial cable. Each anemometer was equipped with its own signal conditioner for lowpass filtering, direct-current (DC) offsetting, and amplifying. A four-channel, 12-bit analog-to-digital converter with an input range of_+5 V was used to digitize the signal-conditioned anemometer bridge voltages. A personal computer with commercially available software was used to control the data acquisition process and to store the data. The data acquisition sampling frequencies, low-pass filter frequencies, amplifier gains, and DC offsets for the hot wire measurements are given in table II for all configurations and test section speeds. In addition, the particular hot wire probe used for the measurements is indicated (X-probe 1, X-probe 2, or a single-wire probe). Before signal conditioning, raw anemometer bridge voltages for all hot wire probes typically varied between 0.8 and 1.9 V for velocities of 0 and 600 ft/sec, respectively. For all measurement locations, 10 240 data points were taken. This provided either 2.044 or 5.12 sec of data depending on the sampling frequency (5000 or 2000 Hz, respectively). Low-pass filter frequencies were always set below or at one-half the sampling frequency to prevent aliasing.
Before the hot wire probes were used in the SMIRT, they were calibrated in a free-jet facility at speeds up to 230 ft/sec. Additional calibration data (up to speeds of 600 ft/sec) were obtained in the SMIRT test section for velocity data from a calibrated pressure rake. The lower speed calibration data were used for the settling chamber measurements.
The higher speed calibration data were used for the test section measurements.
Data Reduction
The two total rakes and a single wall static tap axially centered in the test section measured total and static pressure data. These data were used to compute velocities via compressible flow equations. Once the velocities were generated from the voltage data, statistical analysis was done on the fluctuating velocity data. Of primary interest were the mean axial velocity U//W, the pitch flow angle cq/w, the axial turbulence intensity TIu, and the pitch turbulence intensity TIv. Definitions of these quantities follow:
where n is the number of data points, R is the magnitude of the velocity vector, VHW is the mean pitch velocity measured with hot wire probes, and CYu and Cry are the standard deviation of the hot wire axial and pitch velocity data, respectively.
Accuracy of Measurements
The pressure-measuring system used to acquire the test section total and static pressures had a measurement uncertainty of +0.02 psi, and the thermocouple used to measure the total temperature had a measurement tmcertainty of +2°F. It should be mentioned that the hot wire data profiles presented were constructed by averaging two profiles. One profile was obtained by traversing the probe from the ceiling to the floor and the other by traversing from the floor to the ceiling.
The mean axial velocities UHW shown in figures 6(a), 7(a), 8(a), 9(a), and 10(a) were normalized according to the settling chamber and test section velocities listed in the captions. The settling chamber normalizing velocities VSC were taken to be the maximum hot wire velocities measured for the configuration with the cooler but without a honeycomb.
The test section normalizing velocities VTS were calculated from the nominal test section Mach number and the total temperature in the test section.
Figures 6(a) and 7(a) show the effects of a cooler and honeycomb on the mean axial velocity profiles in the SMIRT settling chamber. As would be expected, the mean profiles were rather well behaved when the cooler was absent but were distorted when the cooler was present. Increasing honeycomb thickness was ineffective in minimizing these distortions introduced by the W-shaped cooler. In the test section, the mean velocity profiles did not suffer from significant distortion when the cooler was present (figs. 8(a), 9(a), and 10(a)). This indicates that the settling chamber distortions did not propagate into the test section. In addition, the test section mean velocity profiles were not significantly affected by the insertion of a honeycomb. The negative-sloped gradients seen in the test section velocity profiles prompted inverted probe measurements.
The inverted probe data produced positive-sloped gradients. This result supports the theory that the gradients were caused by probe support interference and by possible leakage through the tunnel wall/ probe support penetration. 
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Figures 8(b), 9(b), and10(b) show thepitchflow-angle data inthetest section forthedifferent cooler/honeycomb configurations. Thedata show erratic behavior fortheconfigurations without ahoneycomb installed (withorwithout the cooler installed). The pitchangle profiles were themost smooth and most symmetrical when onlythe6-in.-thick honeycomb was installed. The profiles withthecooler installed didappear toimprove withtheinstallation ofthe6-in.-thick honeycomb. This was readily apparent atatest section Mach number of0.1( fig.8(b) ) and less apparent atMach numbers of0.3and0.5(figs. 9(b)and10(b)). The flowangles inthetest section should benearly constant atzero. This was generally true forthecases where thecooler was notinstalled, butdeviations occurred when thecooler was installed and when test section Mach numbers were 0.3orhigher. Figures 6(c) and7(c)show axial turbulence intensities andfigures 6(d) and7(d) pitchturbulence intensities forthe hotwiremeasurements taken intheSMIRT settling chamber. It was expected that improvements would beseen withthe installation ofahoneycomb and degradations withtheinsertion ofthecooler. Thedata exhibited these exact trends. The worst axial and pitchturbulence intensities were seen when onlythecooler was installed (roughly between 13and19 percent forbothaxial and pitch). Theaxial intensities withthecooler installed dropped toabout 7percent witheither the3-or6-in. honeycomb installed, andthepitchintensities dropped toabout 3percent. From aturbulence reduction standpoint, the3-in.-thick honeycomb performed justaswell asthe6-in.-thick honeycomb inreducing theturbulence generated bythecooler. Thelowest axial and pitchturbulence intensities were seen when neither thecooler norahoneycomb was installed andwhen onlythe6-in. honeycomb was installed (approximately 2to3percent forbothaxial and pitch). It was also observed that the6-in. honeycomb was effective inbreaking upthelarge-scale turbulent structures in theceiling and floorboundary layers. Thiswas seen bycomparing theintensity numbers near XHW/HSC = 0.0 and 1.0. intensities generally decreased with the addition of a honeycomb and increased with the addition of the cooler. However, insertion of the cooler when the 6-in. honeycomb was present did not significantly increase the axial turbulence intensity.
It was interesting to note that the axial data at test section Mach numbers of 0.3 and 0.5 exhibited clear evidence of boundary layer turbulence, but the data at 0.1 did not. Another peculiarity of the MTS = 0.1 data was that it coalesced between 1 and 1.5 percent, whereas the data at the higher Mach numbers exhibited more variation. Additional measurements in the test section at MTS = 0.1 were recommended, to validate these axial intensities.
Pitch turbulence intensities for the test section improved dramatically with the presence of a honeycomb (figs. 8(d), 9(d), and 10(d)). With only the cooler installed, values of pitch turbulence intensity in the test section core flow were between 2.8 and 4.8 percent. With the 6-in. honeycomb installed, the intensity levels fell to within 0.5 and 1.2 percent.
For Mach numbers of 0.3 and 0.5, the pitch turbulence levels with no cooler and no honeycomb were comparable to those with both installed. However, at MTS = 0.1, the intensity level for the configuration with both installed was lower by 0.7 percent than the configuration with neither. The best pitch turbulence intensity levels occurred when only the 6-in.
honeycomb was installed. For this configuration, the levels in the core flow were around 0.3 percent.
Concluding Remarks
The Scale Model Icing Research Tunnel (SMIRT) was constructed to conduct studies of proposed flow improvements for the Icing Research Tunnel (IRT). Measurements were conducted in the SMIRT to provide baseline flow characteristics in the settling chamber and the test section. In addition, the effects of a honeycomb on flow quality were 6. 
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